[a] Current values were recorded at 0.6 V.
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Supplementary Methods:
Device fabrication. First, microelectrodes were formed via photolithography in three steps. 1) Si wafers with 600 nm SiO 2 layer were cleaned via sonication in acetone and ethanol for 30 min, rinsed with ethanol and dried with N 2 , and then placed in an oven (95 °C) for 5 min after spin coating with a photoresist (AZ 1518 Photoresist, Shipley, USA) at 500 rpm for 5s and 4500 rpm for 45 s. 2) The resist was subsequently patterned using a mask aligner (SUSS MJB4 Mask Aligner, Garching, Germany) and developed with AZ 300 MIF. 3) Cr (4 nm) and Au (50 nm) were thermally evaporated onto the patterned wafer and the wafer was immersed in acetone for liftoff. Subsequently, a suspension of gold nanorods with OWL-fabricated nanogaps was deposited on a chip containing prefabricated Au microelectrodes. Electron beam lithography (EBL) was employed to define an inner electrode pattern that connects the nanorods with the microelectrodes. A resist layer of PMMA was prepared by the following procedure: 950 PMMA C7 was spin-coated at 500 rpm (for 10 s) and 3000 rpm (for 45 s) followed by baking at 180 °C for 4 min. EBL was carried out using a SEM (JEOL JSM-6360 SEM, Tokyo, Japan), equipped with the Raith SEM lithography kits (Raith ELPHY Quantum, Dortmund, Germany) at 30 kV acceleration voltage and 40 pA beam current. Cr (5 nm) and Au (400 nm) were then thermally evaporated onto the e-beam resist-coated substrate after it had been developed with 1:3 (v/v) MIBK/IPA solution for 30 s, and then rinsed with IPA. Finally, the two ends of the nanorod were connected with the microelectrodes. These nanogap devices were ready for assembling functional molecules, and for electrical measurement.
